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Summary

Background: There is concern regarding how the COVID-19 pandemic may impact
the psychological and physical health of children, but to date, studies on mental
health during the pandemic in children are limited. Furthermore, unprecedented life-
style stressors associated with the pandemic may aggravate the childhood obesity
epidemic, but the role of BMI on child activity levels and psychological outcomes dur-
ing COVID-19 is unknown.

Objectives: We investigated how emotional responses (positive/negative affect),
physical activity (PA) and sedentary behaviours related to anxiety among
U.S. children with healthy weight and overweight/obesity during the pandemic.
Methods: Sixty-four typically developing children (63% girls, 53% healthy weight)
aged 9 to 15 years completed two virtual visits during the height of ‘stay-at-home’
measures from April 22 to July 29, 2020. Children completed 24-hours PA recalls,
state portion of State-Trait Anxiety Inventory for Children and the 10-item Positive
and Negative Affect Schedule for Children.

Results: Independent of child BMI status, child anxiety scores were over five stan-
dard deviations greater than normative values from paediatric populations prior to
the pandemic. Higher positive affect and PA were each associated with reduced anxi-
ety levels in children with overweight/obesity, whereas higher positive affect was
associated with reduced anxiety in children with healthy weight. Greater leisure
screen time was associated with higher negative affect irrespective of child BMI
status.

Conclusions: These associations highlight the potential mental health benefits of
maintaining positive affect, engaging in PA and limiting leisure screen time for chil-
dren during the pandemic and suggest that these associations may be particularly rel-

evant for children with overweight/obesity.

KEYWORDS
affect, COVID-19, leisure screen time, obesity, physical activity, state anxiety, U.S. children

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; MET, metabolic

equivalent; MVPA, moderate-to-vigorous physical activity; NHANES, National Health and 1 |

INTRODUCTION

Nutrition Examination Survey; PANAS-C, positive and negative affect schedule for children;
STAIC, state-trait anxiety inventory for children; VPA, vigorous physical activity.
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to prevent the spread of the virus, U.S. state and local governments
implemented unprecedented ‘stay-at-home’ orders starting in mid-
March 2020, including closures of primary and secondary schools
across the nation.! Consequently, children's access to social support
resources and opportunities for physical activity may have been lim-
ited during home confinement.

In addition to the high COVID-19 death toll, which surpassed
250 000 in the United States by the end of November 2020,? there is
increasing concern regarding the potential collateral damage to physi-
cal and mental health, particularly among children, during the COVID-
19 pandemic. While little is known about the impact of the pandemic
on the mental health of children, school-aged children in China
reported experiencing depressive symptoms during their nationwide
lockdown,® and in the United States, the proportion of mental health-
related emergency department visits increased 24% for children aged
5to 11 and 31% for children aged 12 to 17 years during the pandemic
compared with 1 year earlier.* Furthermore, other recent studies in
China, Italy and the United States have also shown that children are
reporting less engagement in physical activity and increased sedentary
behaviour and screen time during the pandemic.>”

Correspondingly, studies conducted prior to the pandemic dem-
onstrated a clear link between psychological well-being and lifestyle
behaviours. Prior studies have shown that positive affect, defined as
the tendency of an individual to experience positive emotions, such as
enthusiasm and joy,? is negatively correlated with symptoms and diag-
noses of anxiety and depression.””'° Multiple reports have established
that physical activity is associated with reduced symptoms of anxiety
among children.**2 Conversely, studies have shown that during
childhood and adolescence, both sedentary time and screen time are
associated with increased risk for depressive symptoms and negative
affect, which refer to the tendency to experience more intense nega-
tive emotions. 1314

Poor mental health outcomes have been identified as indepen-
dent risk factors for several chronic conditions such as obesity, diabe-
tes and cardiometabolic disease®>*¢; additionally, low physical activity
levels, heightened screen time and increased sedentary time are also
associated with these chronic conditions.2”*8 Prior studies during the
COVID-19 pandemic have shown that adults with obesity may be par-
ticularly vulnerable to poor physical and mental health outcomes dur-
ing the pandemic.?”?° Specifically, adults with obesity have reported
disproportionally sharper declines in mental health and higher inci-
dences of weight gain compared to healthy weight individuals as a
result of COVID-19 ‘stay-at-home’ orders.? While Pietrobelli et al
reported that children with obesity experienced unfavourable changes
in health behaviours during a COVID-19 lockdown period in Italy,®
other studies that examined associations between child activity levels
and/or psychological outcomes during the pandemic have failed to
include assessments of child BMI.>47-2222 Fyrthermore, and to the
best of our knowledge, no study has investigated how children's men-
tal health and lifestyle behaviours during the COVID-19 pandemic
may be related in both children with overweight/obesity and healthy
weight. Given that health behaviour trajectories in childhood are likely

to endure through adulthood (see review by Shrestha and

Copenhaver®®), and the growing concerns that the unprecedented
stressors associated with the COVID-19 pandemic may aggravate the
childhood obesity epidemic,2® understanding how lifestyle behaviours
and mental health are associated during the pandemic in both children
with overweight/obesity and healthy weight is particularly important
for paediatric public health.

While COVID-19 restrictions may be associated with poor psy-
chological and physical health outcomes in children, to our knowledge,
no prior studies have examined how positive and negative affect,
physical activity and sedentary behaviours are associated with anxiety
levels among children with healthy weight and children with over-
weight/obesity. The aim of the current study was to examine associa-
tions between lifestyle behaviours, emotional regulatory states and
anxiety during the COVID-19 pandemic in children with overweight/
obesity and healthy weight.

2 | METHODS

21 | Participants

Participants in this study were recruited from the existing BrainChild
study, an observational study on neuroendocrine programming associ-
ated with gestational diabetes mellitus (GDM) exposure in utero,?*
that includes healthy, typically developing children who were rec-
ruited at ages 7 to 11 years during years 2014 to 2018 for entry into
the study and followed with annual visits. The studies reported here
were completed between 1 and 4 years after initial entry into the
study. Children in the BrainChild cohort were born at a Kaiser
Permanente Southern California (KPSC) Hospital and had no history
of psychiatric, neurological or other significant medical disorders. Each
mother's GDM status was determined from electronic medical
records.

Due to the COVID-19 pandemic, participants were unable to
complete in-person consents to participate in this sub-study. There-
fore, an amendment to the original Institutional Review Board (IRB)
protocol was sent to the IRBs at the University of Southern California
(#HS-15-00540) and KPSC (#10282) for virtual follow-up visits. Both
USC and KPSC IRBs approved this sub-study if participants had a
recent in-person follow-up visit that occurred within a year. During
the prior in-person follow-up visit, participants' parents gave written
informed consent, and children provided written informed assent to
participate in longitudinal studies. Additionally, participants gave ver-
bal informed consent prior to participating in the phone or video inter-
views. Of the 162 participants enrolled in the larger BrainChild Study,
82 participants had recent 1-year follow-up visits and, therefore, were
eligible to participate in this ancillary study. During in-person visits
that had occurred within 1 year of the virtual visits, height (cm) to the
nearest 0.1 cm was collected using a stadiometer and weight (kg) was
collected using a calibrated digital scale. BMI was calculated using the
standard formula, weight (kg) divided by height (m?). BMI z-scores,
BMI percentiles (age and sex-specific standard deviation scores) and

BMI status (healthy weight or overweight/obese) were determined
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based on Center for Disease Control (CDC) standards.?> Children with
BMI percentiles less than 85 were classified with healthy weight and
children with BMI percentiles greater than or equal to 85 were classi-

fied with overweight/obesity.

2.2 | Exposure

All of the children were residents of California, which was under a
statewide ‘stay-at-home’ lockdown starting 19 March 2020. Data col-
lection took place during Phase 1/Phase 2 of the order from 22 April
to 29 July 2020, wherein all schools were closed for in-person instruc-
tion from March 16 until further notice.2 Phase 1 of the order con-
sisted of mandatory ‘stay-at-home’ orders unless going to an
essential job or to shop for essential needs, with all in-person gather-
ings not allowed and outdoor public parks/spaces closed.?” During
phase 2, which started on 8 May 2020, schools remained closed until
further notice, low risk businesses and some outdoor parks/spaces
were allowed to reopen with restrictions,? but steadily were reclosed
on 13 July 2020 due to rising COVID-19 cases.

2.3 | Phone visit

Trained staff members contacted participants' parents from the existing
BrainChild cohort. The study included two phone or video call visits
with both the participant and a parent present. Each visit occurred on
average 34 days apart ranging from 27 to 73 days, interquartile range
30 to 35 days. The first visit occurred from 22 April to 26 June 2020.
The second visit occurred from 22 May to 29 July 2020. All question-
naires were read aloud to each participant by the trained staff member,

and then the participant gave their answers verbally.

2.4 | Physical activity assessment

At each phone call visit, physical activity was assessed using a 24-hour
physical activity recall (PAR).2?2C The 24-hour PAR has previously been
used in paediatric studies and validated with objective measures of
physical activity using accelerometer devices.?%3* A trained staff mem-
ber asked participants, with a parent present to offer input, to recall all
of their activities from 7:00 AM to 12:00 AM in 30-minute blocks for
the day prior. The activities were recorded and classified based on a
73-item reference list. The participant was also asked to rate the inten-
sity of each activity as either ‘Light’ (slow breathing, little/no move-
ment), ‘Moderate’ (normal breathing and some movement), ‘Hard’
(increased breathing and moderate movement) or ‘Very Hard’ (hard
breathing and quick movement). Each activity was then categorized as
either sedentary, moderate-to-vigorous physical activity (MVPA) or vig-
orous physical activity (VPA), with their associated metabolic equivalent
(MET) values obtained from the Compendium of Physical Activities.?
Activities with MET values >1 and <1.5 were classified as sedentary,
METs >3 as MVPA and METs >6 as VPA. Sleep blocks were classified

OBESITY

as METs = 1.0. Examples of physical activity classifications include:
walking (MVPA) or swimming laps (VPA). Examples of sedentary activi-
ties include reading a book, sitting in class and any sedentary screen
time activities. In addition, leisure screen time (MET = 1.5 per 30-minute
block) was obtained by adding time spent in the following leisure activi-
ties: watching TV or movies, playing video games and surfing the inter-

net while sedentary.

2.5 | State-trait anxiety inventory for children

At each phone call visit, state anxiety was assessed via the State-Trait
Anxiety Inventory for Children (STAIC). The STAIC has been previously
validated to assess both state and trait anxiety in 1551 children aged
6 to 14 years,3? and it additionally has high Cronbach «a reliability coeffi-
cients for both state and trait anxiety between different testing set-
tings.3® Only items for the state-anxiety (S-Anxiety) scale were
completed, given that the research question was concerned with how
children were acutely responding to the pandemic, and by design,
S-Anxiety scores are influenced by the child's immediate environment.3?
The STAIC S-Anxiety scale is composed of 20 statements, and children
are instructed to base their answers on how they feel at that particular
moment. Each STAIC S-Anxiety item is a three-point rating scale with a
stem of ‘| feel’; half of the items are reflective of the presence of anxi-
ety (ie, nervous, worried), while the other half are indicative of the
absence of anxiety (ie, calm, pleasant).>? Values of 1, 2 or 3 are assigned
for each of the three answer choices, and scores range from 20 to

60, with higher scores representing higher state anxiety.

26 |
children

Positive and negative affect schedule for

At each phone call visit, both positive and negative affect were assessed
using the Positive and Negative Affect Schedule for Children (PANAS-
C). The current study utilized the shortened 10-item PANAS-C, which
includes a five-item positive affect scale (joyful, cheerful, happy, lively,
proud) and a five-item negative affect scale (miserable, mad, afraid,
scared, sad), with a five-point Likert scale ranging from 1 (‘very slightly
or not at all’) to 5 (‘extremely’).3* The shortened PANAS-C has previ-
ously been validated in 779 typically developing children and has high
Cronbach a coefficients for both positive and negative affect compared
to the original 30-item PANAS-C.3* The participants were instructed to
answer each item reflecting to what extent they have felt this way dur-
ing the past few weeks in order to capture a wider temporal range of
affect during the pandemic. Scores range from 5 to 25 for each affect
sub-scale, with higher scores representing higher affect.

2.7 | Statistical analysis

To minimize data reporting errors, measures taken from each of the

two visits were averaged and used for all analyses. Using paired
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t-tests, we found that there were no significant mean differences
between the two visits except children tended to have less negative
affect during Visit 2 (P =

mean * SD, median (IQR), ranges and frequencies were reported. In

.03). Descriptive statistics including

both overweight/obesity and healthy weight groups, correlations
and linear regression models were used to test associations between
emotional regulatory processes (positive affect and negative affect),
physical activity (MVPA) and sedentary behaviours (leisure screen
time, sedentary time) with state anxiety. Because the number of
children who engaged in any VPA was relatively low in stratified
analyses, further analyses with VPA were not conducted. Covariates
included in each linear regression model were child age, sex, socio-
economic status (SES) and GDM exposure because these are factors
known to influence mental health and physical activity levels.?43>37
SES was assessed using household income at birth, estimated based
on census tract of residence and expressed as a continuous variable,
and maternal education at birth, extracted from birth certificates in
the electronic medical record as a categorical variable with the fol-
lowing categories: ‘high-school or some high-school’, ‘some college’
and ‘college and post-education’.*® Time spent in MVPA was not
normally distributed, and a square-root transformation was applied
to normalize the distribution prior to regression analyses. P values
<.05 were interpreted as statistically significant. SAS 9.4 statistical
software (SAS Institute, Cary, North Carolina) was used for all data

3 | RESULTS
Of the 82 participants from the BrainChild study who had completed
at least one longitudinal follow-up visit, 65 participants completed
one phone-call or video visits during the state mandated ‘stay-at-
home’ order, and 64 of these participants completed a second phone-
call or video visit approximately 1 month later. Child age ranged from
9 to 15 years and 53% were of healthy weight while 16% had over-
weight and 31% had obesity as shown in Table 1, which include
detailed demographic data.

Compared to paediatric studies conducted prior to the pandemic

32,39-41 in our

that included healthy, typically developing children,
cohort, children with overweight/obesity had significantly lower posi-
tive affect and higher negative affect (Table S1), whereas children
with healthy weight did not differ in mean positive affect or negative
affect. Independent of BMI status, children reported significantly
greater state anxiety compared to studies conducted prior to the pan-
demic (Table S1) such that state anxiety in our cohort was five stan-
dard deviations greater than mean state anxiety levels from healthy
paediatric studies conducted prior to the pandemic.

The percentage of children in our cohort with overweight/obesity
who met the World Health Organization MVPA guidelines*? and the
Physical Activity guidelines for Americans for MVPA*® did not differ

from the National Health and Nutrition Examination Survey

analyses. (NHANES) dataset, whereas the percentage of children in our cohort
TABLE 1 Participant and maternal characteristics®

Variable Children with overweight/obesity (N = 30) Children with healthy weight (N = 34) P value®

Child age (years) 11.7 (1.2) 11.9(1.2) 51

BMI percentile 96.1 (3.5) 49.1(24.9) <.001

Sex Girls: 17 (57%) Girls: 23 (68%) .37
Boys: 13 (43%) Boys: 11 (32%)

GDM exposure Unexposed: 10 (33%) Unexposed: 17 (50%) .18
GDM-exposed: 20 (67%) GDM-exposed: 17 (50%)

Positive affect 15.9 (3.7) 16.4 (4.4) .63

Negative affect 8.4 (2.6) 8.1(3.2) .68

State anxiety 47.0(3.1) 47.7 (3.2) .39

Median MVPA 45.0 (75.0) 60.0 (60.0) .65

MVPA category MVPA > median: 13 (43%) MVPA > median: 18 (53%) 44
MVPA < median: 17 (57%) MVPA < median: 16 (47%)

Median VPA 0(15.0) 0(15.0) .88

VPA category VPA > 0:8 (27%) VPA > 0:9 (26%) .99
VPA = 0:22 (73%) VPA = 0:25 (74%)

Sedentary time (minutes) 674.0 (116.2) 681.2 (106.0) .80

Screen time (minutes) 402.5 (181.5) 353.8 (161.9) 26

Family income ($) 65 474.8 (26 734.9) 53 408.4 (21 627.6) .05

Maternal education High School: 2 (7%) High School: 4 (12%) .38

Some College: 7 (23%)
College and Above: 21 (70%)

?Data presented as N (%) or Mean (SD) or Median (25th quartile, 75th quartile).

Some College: 12 (35%)
College and Above: 18 (53%)

PFrom t-test for means, Wilcoxon two-sample test for medians, and Chi-square test/Fisher's exact test for proportions, to test for group differences

between children with overweight/obesity and children with healthy weight.



ALVES ET AL.

TABLE 2 Activity level comparisons

to national health and nutrition

examination survey

In children with overweight/obesity

-~ W1 ]_]—:YJ5;f10

Variable (N, %)
Met guidelines for MVPA?

Met AAP screen time guidelines®

Variable (Mean, SE)

Sedentary time (min/day)

In children with healthy weight
Variable (N, %)

Met WHO/CDC guidelines
for MVPA?®

Met AAP screen time guidelines®

Variable (Mean, SE)

Sedentary time (min/day)

BrainChild (N = 30) NHANES (N = 246)*” P value*
13 (43%) 141 (57%) 17
1(3%) 109 (44%) <.001
BrainChild (N = 30) NHANES (N = 412)*3 P value*
674.0 (116.2) 463.3(231.4) <.001
BrainChild (N = 34) NHANES (N = 963)%” P value*
18 (53%) 703 (73%) 02
3(9%) 534 (55%) <001
BrainChild (N = 34) NHANES (N = 766)* P value*
681.2 (106.0) 442.2 (199.3) <001

®World Health Organization Guidelines and Physical Activity Guidelines for Americans for moderate-

vigorous physical activity: at least 60 min/day of MVPA for children

42,43

bAmerican Academy of Pediatrics guidelines for leisure screen time: 2 h/day or less for children**.
*Significance test used: Chi-square test/Fisher's exact test for proportions or one sample t-test for
means, at significance level P < .05.

Summary of unadjusted and adjusted models with state anxiety as the outcome variable stratified by child BMI category

TABLE 3
Independent variables Positive affect Negative affect
Model 1 3 (95% Cl) 3 (95% Cl)
Children with Overweight/ —-0.50 (-0.75, 0.08 (-0.37,0.52)
obesity —0.25)*
Children with healthy weight -0.32 (-0.54, —0.10 (-0.44,
-0.10)* 0.25)
Model 2 3 (95% Cl) 3 (95% Cl)
Children with overweight/ -0.51 (-0.77, 0.12 (-0.35, 0.59)
obesity —0.25)*
Children with healthy weight —-0.29 (-0.56, -0.11 (-0.52,
—-0.01) 0.31)
Model 3 3(95% Cl) 3 (95% Cl)
Children with overweight/ -0.53 (-0.78, 0.12 (-0.35, 0.59)
obesity —0.29)*
Children with healthy weight -0.25(-0.51, 0.02) -0.11(-0.52,
0.31)

MVPA Sedentary time Screen time
3(95% Cl) 13(95% Cl) 3(95% Cl)
—0.41 (-0.65, 0.003 (—0.007, 0.002 (—0.004,
-0.17)* 0.013) 0.008)
—-0.11 (-0.50, 1.55) 0.002 (-0.01, 0.01) 0.002 (—0.004,
0.009)
3 (95% Cl) 3 (95% Cl) 3 (95% Cl)
—0.45 (-0.74, 0.008 (—0.004, 0.003 (-0.004,
-0.16)* 0.019) 0.01)
—-0.08 (-0.41, 0.25) —-0.003 (-0.014, 0.002 (—0.005,
0.009) 0.009)
13(95% Cl) 13(95% Cl) 13(95% Cl)
-0.43 (-0.74, 0.008 (—0.003, 0.02) 0.004 (—0.003,
-0.12)* 0.01)
-0.14 (-0.45,0.17) 0.002 (-0.01, 0.01) 0.006 (—0.001,
0.01)

Note: Model 1: Unadjusted. Model 2: Adjusted for child age, sex and SES. Model 3: Adjusted for child age, sex, SES and GDM exposure.
Abbreviation: MVPA, square-root transformed moderate-to-vigorous physical activity.

*P-values < .05.

with healthy weight who met the MVPA guidelines of 60 min/day
was significantly lower (Table 2). Independent of BMI status, the per-
centage of children (6%) who met the American Academy of Paediat-
rics' guidelines for leisure screen time of less than 2 hours a day** was
significantly lower compared to the NHANES dataset (54%; Table 2).
Similarly, independent of BMI status, children engaged in significantly
more sedentary minutes per day compared to the NHANES dataset.*’

In children with overweight/obesity, in both unadjusted and
models adjusted for child age, sex, SES and GDM exposure, state anxi-
ety was significantly associated with positive affect and MVPA levels

(Table 3; Figure 1). Before and after adjusting for covariates, negative

affect, sedentary time and screen time were unrelated to state anxiety
(Table 3). Negative affect was positively correlated with both seden-
tary and screen time (Table 4).

In children with healthy weight, positive affect was significantly
associated with state anxiety (Table 3; Figure 1). This association
became marginally associated after adjusting for child age, sex, SES
and GDM exposure. Before and after adjusting for the same
covariates, negative affect, MVPA levels, sedentary time and screen
time were unrelated to state anxiety (Table 3). Between affect scores
and PA levels, screen time was positively correlated with negative

affect and negatively associated with positive affect (Table 5).
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Scatterplots of, A, State Anxiety and Positive Affect stratified by BMI category, B, State Anxiety and Moderate-to-Vigorous

Physical Activity stratified by BMI category. A, In children with overweight/obesity (Unadjusted Spearman Correlation Coefficient [r;] = —0.60;
P < .001); In children with healthy weight (r, = —0.47; P = .005). B, In children with overweight/obesity (r, = —0.60; P < .001); In children with
healthy weight (r; = —0.07; P = .68). MVPA, moderate-to-vigorous physical activity average minutes per day

TABLE 4 Adjusted Pearson R correlations between lifestyle behaviours, emotional regulatory states and state anxiety in children with

overweight/obesity, N = 30

State anxiety Sedentary time Leisure screen time Positive affect Negative affect MVPA
State anxiety 1.00 0.29 0.20 —0.63* 0.12 —-0.52*
Sedentary time 0.29 1.00 0.71* -0.11 0.50* -0.46*
Leisure screen time 0.20 0.71* 1.00 0.02 0.62* -0.39
Positive affect —-0.63* -0.11 0.02 1.00 -0.09 0.26
Negative affect 0.12 0.50* 0.62* —-0.09 1.00 -0.33
MVPA —-0.52* -0.46* —-0.39 0.26 -0.33 1.00

Abbreviation: MVPA, moderate-to-vigorous physical activity. MVPA square-root transformed.

*Denotes P-value <.05. Adjusted for child age, sex, SES and GDM exposure.

TABLE 5 Adjusted Pearson R correlations between lifestyle behaviours, emotional regulatory states and state anxiety in children with healthy

weight, N = 34

State anxiety Sedentary time Leisure screen time Positive affect Negative affect MVPA
State anxiety 1.00 0.06 0.28 -0.32 -0.14 -0.17
Sedentary time 0.06 1.00 0.41* -0.19 0.16 -0.48*
Leisure screen time 0.28 0.41* 1.00 -0.44* 0.38* -0.02
Positive affect -0.32 -0.19 —-0.44* 1.00 -0.23 0.11
Negative affect -0.14 0.16 0.38* -0.23 1.00 —-0.05
MVPA -0.17 —-0.48* -0.02 0.11 -0.05 1.00

Abbreviation: MVPA, moderate-to-vigorous physical activity. MVPA square-root transformed.

*Denotes P-value <.05. Adjusted for child age, sex, SES and GDM exposure.

4 | DISCUSSION

We provide the first results from the United States that examined
how emotional regulatory responses, measured from positive and
negative affect scores, related to anxiety levels and physical activity
levels among children with both healthy weight and overweight/obe-
sity during the pandemic. In California, the ‘stay-at-home’ orders
began in late March 2020 and were partially lifted with restrictions at
the end of May. During this time, we collected questionnaires on
affect, state anxiety, physical activity and sedentary behaviours during

the peak of the ‘stay-at-home’ order to infer the role of positive and

negative affect and physical activity levels on anxiety levels in children
with overweight/obesity and healthy weight. We found that state
anxiety levels of children in our cohort during the ‘stay-at-home’
order were more than five standard deviations greater than the mean
reported by other healthy paediatric populations prior to the pan-
of child BMI status.32374°  Additionally,
irrespective of BMI status, children reported greater screen and sed-
entary time than similarly aged children from the NHANES,3>”%> and

the frequency of children who met the WHO guidelines for moderate

demic independent

to vigorous physical activity was lower than the NHANES dataset for

children with healthy weight. Interestingly, positive affect and
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negative affect scores in our cohort were similar to those reported by
other paediatric studies conducted prior to the pandemic in children
with healthy weight only.3?#* Children with overweight/obesity in
our cohort reported lower positive affect and higher negative affect
scores compared to prior paediatric studies.®**! Although previous
studies have demonstrated that obesity is associated with reduced
engagement in physical activity, increased time spent in sedentary
activities and risk of poor mental health outcomes in children,*¢*® we
found that children with overweight/obesity compared to children
with healthy weight did not have differences in reported activity
levels, affect or anxiety during the pandemic. However, given that we
conducted this study during an unprecedented period of stress and
state-mandated school closures and home confinement, activity and
anxiety level homogeneity between BMI groups during the pandemic
may not be unexpected.

Prior studies in countries first struck by the pandemic noted an
increase in reported symptoms of depression and anxiety in chil-
dren.>?%22 However, none of these studies have investigated the
relationships between affect and mental health during the pandemic.
Our study showed that positive affect was significantly related to
lower state anxiety levels in children with overweight/obesity, and we
observed a similar trending relationship among healthy weight chil-
dren, independent of age, sex, socioeconomic status and GDM-expo-
sure. These findings are in keeping with larger cross-sectional studies
in adolescents and young adults, suggesting that positive affect is
associated with reduced anxiety during stressful times.*?>° Therefore,
promoting methods to maintain positive affect, such as educational
interventions  that encourage practicing  gratitude®®  and
mindfulness,>? may be beneficial to children during times of height-
ened stress, such as the COVID-19 pandemic. However, future stud-
ies are needed to test this possibility.

The impact of COVID-19 restrictions on child mental health is
sparse.>?122 Similar to a study published in children during the
COVID-19 lockdown in China,® we found that children during the
‘stay-at-home’ order reported greater state anxiety compared to
other paediatric samples prior to the pandemic.3>%?4° Notably, Xie
et al hypothesized that a reduction in outdoor activities and social
interactions may have contributed to increased depression and anxi-
ety symptoms.® Correspondingly, multiple randomized controlled trials
have found that engaging in physical activity is beneficial for mental
health.>3>> Interestingly, we found that children with overweight/
obesity, who reported more time spent in physical activity had less
reported state anxiety during the pandemic, independent of age, sex,
socioeconomic status and GDM-exposure. Taken together, these find-
ings suggest physical activity may be important for promoting the
well-being of children with overweight/obesity, particularly during
stressful periods.

Similar to other studies in children during the ‘stay-at-home’
order, we found an increase in reported sedentary and leisure screen
time compared to nationally representative paediatric samples before
the ‘stay-at-home’ order.>”*” Prior to the pandemic, the American
Academy of Pediatrics recommended that children engage in less than

2 hours a day of leisure screen time.®” However, children in our

OBESITY

cohort reported an average of 6 hours a day of leisure screen time.
Additionally, children reported spending 11 hours a day being seden-
tary and in leisure screen time. Importantly, prior studies in youth
have shown that excessive screen and sedentary time are associated
with increased depressive symptoms and negative affect.*>'* Simi-
larly, we found that increased sedentary and leisure screen time were
associated with negative affect in children with overweight/obesity,
and that leisure screen time was positively correlated with negative
affect among children with healthy weight. While our study design
does not allow us to determine the directionality of the relationship
between leisure screen time and negative affect, our findings are in
concert with previous large cross-sectional studies demonstrating a
dose-dependent relationship between screen-based activities and
depressive symptomatology, such as negative affect in children.*>¢
Interestingly, some longitudinal studies suggest there is a bidirectional
relationship between mental health and physical activity/sedentary
time, with mental health predicting decreased physical activity
engagement and increased sedentary time in the future, and baseline
levels of physical activity/sedentary time predicting mental health
outcomes at a later time point.>”*® Future studies should consider
investigating if limiting excessive leisure screen time could reduce the
risk for negative affect among children.

Our study collected repeated measures of affect, anxiety and
behavioral health questionnaires in children over 2 months during the
peak of the ‘stay-at-home’ orders, but we did not have baseline mea-
sures of affect or anxiety in this cohort prior to the pandemic to com-
pare to the measures collected during the pandemic. While we did
compare affect, anxiety and activity levels in our cohort to other
healthy paediatric populations prior to the pandemic, it is worth not-
ing that the normative comparisons that we used for anxiety were

3940 or not recent.3?

either limited in sample size However, to the best
of our knowledge, there are no recent and large sample size normative
STAIC state-anxiety comparisons available in U.S. children and/or
adolescents. Moreover, we assessed a limited number of behavioural
factors that predicted levels of anxiety among children during COVID-
19 restrictions. Future pandemic-related studies should consider
assessing other potential environmental and psychosocial risk and
protective factors for anxiety in children, such as sleep® and social

support.60

Children with healthy weight tended to be from families
with lower income at birth when compared to children with over-
weight/obesity in our cohort, which may have influenced anxiety and
MVPA levels and sedentary/screen time during the COVID-19 pan-
demic. Additionally, we used a self-reported physical activity recall,
which is subject to participant bias. However, self-report recalls pro-
vided pertinent information about specific physical activities engaged
in during the ‘stay-at-home’ order. Finally, our small sample size may

limit the generalizability of our findings.

5 | CONCLUSIONS

Overall, independent of child BMI status, this study observed that
during the height of the COVID-19 ‘stay-at-home’ measures, children
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exhibited increased anxiety scores compared to normative values
from paediatric populations prior to the pandemic. However, children
who reported higher positive affect scores had lower levels of state
anxiety, and children with overweight/obesity who reported more
time spent in physical activity also reported lower anxiety scores.
Additionally, children who reported greater leisure screen time had
higher negative affect scores, irrespective of their BMI status. Collec-
tively, our findings suggest that positive affect, physical activity levels
and leisure screen time may be important for mental health outcomes

during stressful periods.
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